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1. Task 1 - IV&V Process Improvement

1.1 Summary

The objective of this task is to investigate methods by which the IV&V process can be

improved. During this phase the goal of this task was to define a collaborative IV&V process to

address the constraints in performing IV&V for NASA's projects.

The collaborative IV&V process is defined utilizing the Capability Maturity Model

(CMM) framework, concepts of peer reviews and software estimation principles. The process

model addresses constraints in performing IV&V discussed in Section 1 of the previous report.

1.2 Work Completed

Defined a collaborative IV&V process model.

Identified the roles in the collaborative IV&V process and their responsibilities.

Identified key events in the collaborative IV&V process.

1.3 Review of Constraints on IV&V process

The constraints in performing IV&V are due to the Verification and Validation cycle,

NASA's project features and dependency of IV&V process on software development process. The

verification and validation cycle imposes constraints like the need to track the responses to

problem reports and maintaining the flow of information across different phases of the life cycle.

NASA's projects are of long duration, involve multiple contractors and mission critical software.

Long project duration results in the evolution of requirements and an unstable work group.

Unstable work group composition results in the loss of information and hence acts as a bottleneck

for IV&V activities. When multiple contractors are used for development, the IV&V process

should interact with different processes at different levels of process maturity. Mission critical

software demands a very high quality work necesitating continuous process improvement.

Dependency of IV&V process on software process results in the need to tailor IV&V process for

the software process. With multiple contractors there is a need to interact with different process,

methodologies, and maturity levels.

1.4 Collaborative IV&V process Model

The first step in defining a collaborative process is to ensure compatability between

software development process and IV&V process. The Capability Maturity Model (CMM) is

emerging as a standard process for software development and is actively sponsered by the

government agencies like the DOD, USAF etc. The DOD requires its contractor be at level 3 in

the maturity scale in order to compete for certain contracts. Hence a level 3 process in the

maturity scale is used as a reference to define the collaborative IV&V process. The collaborative

IV&V process model utilizes the concepts of peer reviews as a means of collaboration. Bottom

Up method for estimation and tracking are utilized for the purposes of cost and schedule

estimation. The following sections describe the collaborative IV&V process model in detail.
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1.4.1 Overview of Collaborative IV&V Process Model

The collaborative IV&V process is based on a level 3 process in the maturity scale. Significant

features of a level 3 process are:

• Organization process focus.

• Organization process definition.
• Peer reviews.

• Intergroup coordination.

• Software product engineering.

• Integrated software management.

• Training program.

In the collaborative IV&V process model, the organization process focus is retained as

defined in the maturity model. The concept of process definition is modified. In the maturity

model, process definition is derived from process focus by the individual project teams. In the

collaborative IV&V process model, process definition is derived from the process focus by the

individual tasks. Since individual tasks interface with different software contractors, defining

process definition at the task level would ensure the differences in the U-level process of software

contractor and hence the differences in interfacing with the software contractor could be absorbed

in the process definition. As a result of this variation, the definition and the extent of organization

process focus and process definition is modified. A comparison of the maturity model and that

adapted for IV&V process model is shown in Figure 1.1. CMM 1.1 [2] defines process focus as a

typical process for developing and maintaining software. Humphrey [3] provides a list of

categories for process focus:

• Management and Planning standards.

• Development process standards and methods.

• Tool and process standards.

In the collaborative IV&V process model, organization process focus is comprehensive

but not very detailed. This allows the required flexibility for tasks to suitably define the process
definition. Process definition are derived at task level so that the software process features,

maturity level of the process, etc. is considered in deriving the process definition. Hence the

process focus will be a general set of guidelines for all the tasks.



Taskn

Figure 1.1Comparisonof Maturity model and its IV&V Adaptation

Aspects that will be covered by process focus are:

• Guidelines on tool sharing with the software contractor.

• Guidelines on information sharing with the software contractor.
• Guidelines on document verification.

• Guidelines on mailing reports.

At the task level, process defi ifion will be derived within the framework provided by the

process focus. While defining the process definition, project features, the software process feature

of that software contractor whose products are verified and validated by this task, the process

maturity of that contractor are all considered. Hence at the task level the IV&V process and

software process are compatible.

Software inspections have proved to be effective in detecting errors not only in the coding

phase but also in other phases of software development life cycle [5]. Software inspections are

also a part of level 3 process in the maturity scale. Hence software inspections are utilized as a

validation method in the IV&V process. Since this is part of a level 3 process in maturity scale,

the software contractor is expected to utilize software inspections for detecting errors. In a

collaborative environment the IV&V team would participate in software inspections organized by

the software contractor, and the feedback from the IV&V team would be direct and immediate.



Sincetheprimaryobjectiveof using an IV&V contractor is to provide an unbiased perspective of

the product, the participation of IV&V in software inspections organized by software contractor
should not involve face to face interaction with the software contractor. A software inspection tool

could be used. The use of a tool would result in IV&V reviewing the products without any direct

interactions with the software contractor.

In the collaborative IV&V process model, the bottom up method is used for both cost and

schedule estimation. The Personal Software Process (PSP) from SEI also uses a bottom up

approach for software process improvement [4]. The emphasis of first phase PSP or PSP0 is to let

the engineers estimate metrics like development time, cost, etc. for their segment of work. At the

next level of PSP, engineers use their historical database of estimates to improve the accuracy. In

the collaborative IV&V process model, members of the IV&V organization make an initial

estimate of the development cost and time. After a certain time, the initial estimates are baselined

i.e. the initial estimates cannot be updated after this time. Periodically, members of this

organization would report the amount of work completed by them. The amount of work

completed would be used to calculate the equivalent man months of work completed. The man

months of work completed is compared with the initial estimates to determine the current status.

Thus the bottom up approach for estimation is extended to be an effective project tracking

mechanism.

1.4.2 Organizational Hierarchy

The organizational hierarchy and the roles in this hierarchy are defined in the following

paragraph. Figure 1.2 depicts the organizational hierarchy.

Task Leader

Program Manager

Task Leader )
Maintenance

Task

Analyst _ Analyst

Figure 1.2: Organizational Hierarchy

Tlae program manager is responsible tor the project organlzalaon, project pertormance,
task identification, allocation of resources for tasks and the organization process focus. Task

leaders are responsible for task performance, task organizing, providing technical direction for the
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taskandalsotheprocessdefinitionattasklevel.Theanalystperformthetaskallocatedto themby
the task lead, and populate the IV&V analyst notebook.The processmaintenancetask is
essentiallythe equivalentof the SoftwareEngineeringProcessGroup (SEPG)defined in the
maturity model.This task maintainstheprocessfocus,processdefinition,processmetrics,the
taskstructureandtheIV&V personneldatabase.Thekey eventsin thisprocessarerequirements
change,additionaltaskrequestedby the customerandchangein work groupcomposition.The
responsibilitiesof therolesidentifiedandthekeyeventsareelaboratedin Section1.4.

1.4.3 Relationship between the Collaborative IV&V process model and the Organizational

hierarchy

The relationship between the collaborative IV&V process model defined in Section 1.4.1

and the organizational hierarchy identified in Section 1.4.2 will be discussed in the following

paragraphs. The relationship is highlighted by identifying the additional responsibilities of the

roles with respect to the process model defined. This set of responsibilities is a subset of the

responsibilities listed in Section 1.4.4.

Additional Responsibilities of the Pro_m-am Manager

The program manager is responsible for the process focus. The process focus is uniformly

utilized by the project tasks for deriving the process definition. It is the responsibility of the

program manager to review the changes requested by the members of this organization and

incorporate the changes into process focus.

Additional Res_tmnsibilities of the Task Leader

The task leader's primary responsibility is to derive the process definition within the

framework provided by the process focus. The task leader reviews the changes requested by task

members and incorporates the changes into process definition. Task leaders provide development
cost and schedule estimates.

Additional Responsibilities of the Analyst

The analyst participate in the peer reviews organized by both the software contractor and

the IV&V contractor. Analyst populate the IV&V analyst notebook. They also provide initial

estimates for development cost and time, and periodic estimates for the amount of work

completed.

Additional Responsibilities of Process Maintenance Task

The primary function of the process maintenance task is to maintain the process focus,

process definition, identify and maintain process metrics. This task also interacts with the task

leaders to ensure that process definition is defined within the framework provided by the process
focus.

1.4.4 Responsibilities and Key Events in the Collaborative IV&V Process

The responsibilities of the different roles in an IV&V organization is discussed in this

section. The key events in this process are also discussed. To begin with, the responsibilities are
discussed as follows:



• ProgramManager
• TaskLeader
• Analyst
• ProcessMaintenanceGroup

1,4,4,1 Pro m'am Manager

The program manager is responsible for the entire project. The program manager is not

only responsible for the technical performance but also for the fiscal performance. The task

leaders and the process maintenance group report to the program manager. The responsibilities of

the program manager are:

[a] Define Organization Process Focus: As defined in CMM 1.1 [2], process focus is a document

that defines a typical process for developing and maintaining software across the organization.

The definition conveys the idea that process focus is a set of policies and guidelines that could be

used by different project teams for deriving a set of actions and methods for a specific project.

Since the process focus is the basis for process definition, similarity in process definition across

different project teams could be expected. Hence the process focus should be comprehensive, not

only in providing guidelines covering different aspects, but also identify a set of process metrics

to measure quality, status, etc.

[b] Define Project Tasks: The program manager identifies tasks and the respective task goals. The

program manager along with the process maintenance group identify and assign task leaders for

the tasks. This activity is of paramount importance as task leaders are responsible for defining

process definition, populating the task and also providing technical directions. Program manager

should also allocate the required resources for the tasks.

[c] Oversee Project Tracking: Project tracking is the process of reviewing the current status and

results against the initial estimates. This allows the program manager to take corrective actions

when the performance of a task deviates from the estimated performance. Changes in

requirements, task composition, etc. should be considered before determining the corrective
action.

[d] Act as a contact point for the entire project: The program manager interfaces with the

customer and software contractor. Program manager is responsible for defining the goals of the

IV&V contract. The program manager is also responsible for reporting the fiscal and technical

performance to the customer.

1.4,4,2 Task Leader

Task leaders are responsible for their tasks. Task leaders report to the program manager.

The responsibilities of a task leader are:

[a] Define Process Definition: The task leader should define the process definition for the task.

Process definition should be defined within the framework provided by the organization process

focus. Task leader should consider the task goals, process focus, the software process, and

maturity level of the software contractor in defining the process definition. A process definition

should include software engineering methods like metrics collection, management methods like



estimation,technicalmethods or approachto be used, the inputs neededfor the task like
requirementsdocument,outputsto begeneratedlike problemreports,andalsoaschedulefor the
task.

Maturity Level

Approachof

Software
Contractor

Task Process
Goals Focus

I

_...Task Boundar¥_._
I

Task

Leader

L_

Extent of IV&V

Activities

IV&V Methods

Figure 1.3 Role of Task Leader

As depicted in Figure 1.3, the task goals and the process focus serve as task boundary for

each task. The maturity level of the organization determines the extent of certain activities

performed by the task [1]. The software contractors methods and approach have an impact on the

IV&V methods and approach. This approach for process definition ensures that the differences in

the maturity level of software contractors are taken into consideration at the task level. Also this

approach for task definition ensures that the IV&V methods are suitably tailored to the software

process and methods of the software contractor. Hence defining process definition at task level

ensures that issues relating to interfacing with more than one software contractor is effectively

addressed.

[b] Act as Contact point for the task: The task leader is responsible for defining task goals,

methods, approaches, and also for tracking task status. The task leader has a complete

understanding of the nature of the task and the current status.

In the organizational hierarchy currently used by IV&V organizations, a separate group is

entrusted with the responsibility of maintaining information flow. A possible reason for this is that

an IV&V organization should follow certain guidelines for sharing information as stipulated by
the customer. In the collaborative IV&V model this constraint is addressed by making the

guidelines for information sharing a part of the process focus. Hence these guidelines would also

form a part of the process definition of individual tasks. The task leaders then can act as contact

points for any information regarding the task. This structure is depicted in Figure 1.4b.

[c] Estimate the resources needed: After defining the process definition for the task, the task

leader should estimate the resource requirements for the task. Task leaders should estimate the

man months of effort required and also the tool requirements.
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Figure 1.4aEffectof Multiple Interfaceson IV&V
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Figure 1.4b Proposed Approach

[d] Populate Task: Once the process definition for the task is defined, the task leader should

identify analyst with suitable skills to populate the task. Identifying analyst with the right skills is
crucial to the success of the task.

[e] Provide Technical Direction: The task leader should define the approach for performing the

different V&V tasks. The task leader is responsible for defining methods, the inputs needed for



thetaskandalsotheoutputthat shouldbegeneratedby this task.

1.4.4.3 Analyst

The activities of an analyst are listed below:

[a] Estimate the development time and cost for performing the allocated work: The analyst is

expected to provide an estimate of the development time and cost for the allocated work. This

estimate is used as a reference to track the status of the task during the development life cycle.

[b] Participate in peer reviews: Peer reviews are used to detect defects in the products developed

during the life cycle. The analyst can play the role of a producer by requesting for peer review,

can volunteer to coordinate a review requested by a peer or can volunteer to review the products

developed by a peer.

[c] Report the amount of work completed: Periodically the process maintenance group would

request for the amount of work completed by the analyst. The analyst provides the amount of

work completed as a percentage of the total work. This input is used to generate metrics on the
status of each task.

[d] Populate IV&V Analyst note book: The IV&V analyst note book is used to store comments on

the activities performed by the analyst. This information will be of use during the subsequent

phases.

[e] Perform allocated segment of the task: The IV&V analyst performs the allocated segment of

the task using the methods and approach defined by the task lead.

1,4.4.4 Process Maintenance Group

The key functions of the process maintenance group are listed below:

[a] Maintain Organization Process Metrics: The process maintenance task should work with the

program manager to define the process focus. Once the process focus is stable after the initial

iterations, the process maintenance group should baseline the process focus. Baselining process

focus signifies that the process focus is stable and the task leaders can derive process definition

based on the process focus. During the development life cycle the members of the organization

might request for changes in the process focus based on their experience in using the process

focus. The process maintenance group should review these suggestions and incorporate them into

process focus at a suitable time.

[b] Assist program manager in identifying and defining tasks: The process maintenance group

assists the program manager in identifying or dividing the project into tasks, and defining the

goals for each task. This set of goals is used as a basis for defining the process definition by the
task leaders.

[c] Maintain Process Definition: Task leaders define process definition for their tasks. The process

maintenance group ensures that the process definition is within the framework provided by the

process focus. The process maintenance group baselines the process definition once the definition



is stable.After baselining,the processdefinition cannotbe updatedeven by the task leaders.
Membersof the taskcan suggestchangesto theprocessdefinition basedon their experiencein
usingthe definitions.The processmaintenancegroup shouldupdatethe processdefinition to
incorporatethesechangesata suitabletime.

[d] Maintain ProcessMetrics: Processmetrics aremeasuresof softwaredevelopmentprocess.
Processmetrics are usedfor efficient managementof softwaredevelopmentprocess[6]. The
processmaintenancegroupshouldidentify suitablemetricsthatreflect theparametersof software
developmentand periodically updatethesemetrics. Periodic updateof processmetrics will
provideaclearvisibility of thestatusfor theprogrammanagerandthetaskleaders.

1.4.4.5 Key Events in the Collaborative IV&V Process Model

The key events in the collaborative IV&V process are:

[a] Requirements Change: The changes in requirements was identified as a result of long project

duration. It is of considerable importance that the changes in the requirements is tracked and

addressed. In the following section a sequence of activities are proposed to address requirements

change.
The sequence of activities are depicted in Figure 1.5 using the Entry, Task, Exit and

1 2 3

Requiremen__ Analyze _ effecaltYo_ tsh_

Change I Change I I Mlthods /

Identify I I identify /

ot_er tasks minor

affected by changes

the change

Modify
IV&V
Methods

Revised

IV&V

Methods

Figure 1.5: Requirement change sequence

Measure (ETXM) specification. When using this specification a sequence of actions that should

be performed under the event is identified. Then for each of the activity in the sequence, an entry
criteria, action, exit criteria and a measure are identified. When the entry criterion is met the

action is initiated. Once the action is initiated the activity described is performed until the exit

criterion is met. The measure identifies the performance during the sequence.

The following table lists the ETXM criteria for the sequence of activities due to

requirement change.
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Table 1.1 Requirement Change Sequence

Cell

Entry

Exit

Feedback

in

Feedback

out

Task

Measures

Change in require-
ments

Changes in require-

ments analyzed

Minor changes in

requirements

Identification of other

tasks

Analyze requirement

change

Number of tasks

affected

Extent of Impact

2

Changes in require-

ments analyzed

Consequent changes in

methods by S/W con-

tractor analyzed

Minor changes in

requirements

Analyze changes in S/W

methods

Extent of change in

methods

Changes in S/W con-
tractors methods ana-

lyzed

Revised IV&V methods

Revise IV&V methods

Changes in resource

requirement

Once a requirement change is notified, the effect of the change should be analyzed. As a

result of this activity the IV&V tasks directly affected by this requirement change should be

identified. The tasks affected by this change, analyze the change, its impact on software methods

and its effect on IV&V approach and methods. As a result of this analysis other tasks affected by

this change are also identified. Based on the analysis performed in the previous step, IV&V

methods are modified to address the changes. A set of measures is identified in the table. These

measures act as an indicator of the impact of the change and hence on the performance, and

resources of the affected tasks.

[b] Additional Task Request: Additional work may be requested by the customer as and when

needed. As a result of this request, new tasks should be defined, organized, and resources should

be allocated and integrated with other tasks. The program manager along with the process

maintenance group should define the goals for this task. A task leader should be assigned to the

task. The task leader along with the process maintenance group should define the process

definition for this task. Defining process definition at the task level helps in addressing this

problem as well. In a typical process the process definition is performed at the project level, where

a request for a new task results in rearrangement of resources without clear planning. Defining

process definition at the task level addresses this constraint directly.

[c] Dynamic Work Group Composition: Changes in work group composition are inevitable. The

reasons for this change are:

• Personnel leaving the organization.
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• Additionof newpersonnel.
• Organizationalrearrangement.

The primary concern in a dynamic work group environment is that the experience gained

by the analyst is lost when the analyst moves out of the task. The use of IV&V analyst note book

is advocated in this scenario. The insight gained by the analyst is stored in the analyst note book

by way of comments. Advocating the use of software inspections, Boehm [5] states, "It (software

inspections) also has significant side benefits in team building and in ensuring backup knowledge

if a designer or programmer leaves the project". Thus the use of IV&V analyst note book and

software inspections ensures that the knowledge gained by an analyst is stored in the IV&V

analyst note book or disseminated among peers. Hence the dependence of the IV&V process on

IV&V analyst is minimized. The use of a organization process focus address the issue of

rearrangement, since process definition of all the tasks are based on the same process focus,

personnel should be trained only on task specific methods. When adding a new analyst, the

analyst should first be trained in the process focus and assigned to a particular task. The analyst

should next be trained in task specific methods.

1.5 Future Work

During the next phase this task will analyze the need for an environment to support the

collaborative IV&V process. A suitable architecture that would address the constraint like

geographically distributed development, hardware environment encompassing different platforms

like PC's, Workstations etc will be designed and implemented.
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1. Task 2.1 - Infrastructure Framework for IV & V

Software Project Management and Measurement on the World-Wide-Web

(WWW)*

Abstract

We briefly describe a system for forms-based, workflow management that helps members

of a software development team overcome geographical barriers to collaboration. Our system,

called the Web Integrated Software Environment (WISE), is implemented as a World-Wide-Web

service that allows for management and measurement of software development projects based on

dynamic analysis of change activity in the worldtow. WISE tracks issues in a software develop-

ment process, provides informal communication between the users with different roles, supports

to-do lists, and helps in software process improvement. WISE minimizes the time devoted

to metrics collection and analysis by providing implicit delivery of messages between users based

on the content of project documents. The use of a database in WISE is hidden from the users who

view WISE as maintaining a personal "to-do list" of tasks related to the many projects on which

they may play different roles.

Keywords: Workflow management, verification and validation, software engineering, issue track-

ing, software measurement, software metrics, software process

1.1 Introduction

Collection of metrics and adherence to a disciplined development process are difficult tasks in any

software project. Yet, project developers and managers need to understand their processes in order

to coordinate assigned tasks effectively. To understand their own work processes and assess the sta-

res of an ongoing project, they must be able to measure various aspects of the project tasks, people,

and products. An assessment of a project's status is critical to the reassignmen of resources, adjust-
ment of schedules, and measurement of product quality. Change activity is a powerful indicator of

a project's status. Automated systems that can handle change requests, track issues, and process

electronic forms provide an excellent platform for tracking the status of the project. We have

developed a World-Wide-Web-based approach called the Web Integrated Software Environment

(WISE) that supports measurement of change activity as an implicit part of the software process.

WISE provides a forms-based, workflow management system that helps members of a software

development team overcome geographical barriers to collaboration. WISE allows for the improve-

ment of the software process in a realistic environment based on dynamic analysis of changes to

information and communication in the workflow. WISE tracks issues in software development

process, provides informal communication between the users with different roles, supports to-do

lists, and helps in software process improvement. WISE minimizes the time devoted to metrics

collection, analysis, and reporting tasks not related directly to project activities. Automated

tools like WISE focus on understanding and management of a software process rather than

the bureaucracy of an organization.

Since the summer of 1995, WISE has been used on several projects within

the National Aeronautics and Space Administration (NASA) and the private sector to coordinate

and monitor software verification and validation (V&V) activities. This paper briefly discusses

issues related to the use of WISE in the automation of software project management and measure-



ment.Fromourpracticalexperienceswith WISE, webelievethatsuchautomatedtoolscantrans-
form chaoticsoftwaredevelopmentprojectsintomorecontrolledandmanageableprocesses.
1.2Overview

WISEcanbeinstalledandmadeavailableataspecificURL (UniverseResourceLocator)on
theInternetor within acorporatenetwork.Usinganappropriatebrowser(WISErequiressupport
for HTML 2.0 tables. TheBetaandproductionreleasesof WISE alsorequiresupportfor Java.
Many WWW browserssupporttablesincluding the most recentversionsof NetScapetm and
Mosaic.Theuseof arbitraryHTML allowsWISE to beeasilyintegratedwith otherWWW-based
tools,documents,andresourcesonasoftwareproject. Forexample,Figure 1showsissueconnec-
tions to ReviewItemDiscrepancy(RID)documentsonanotherWWW server.Wehavealsoused
this facility to connectWISE almosteffortlesslyto theNCSA prototypeHyperNewstool.) each
userconnectsinto theWISE homepageto view their personal"to-do lists" (TDLs) availableon
severalprojects.Eachpersonin anorganizationmaybeassignedto oneormoreprojectsandthere-
foremayhaveoneor moreTDLs underWISE. Figure 1showsaportionof aperson's"to-do list"
for asampleproject.Eachitemon aperson'sTDL is calledan issue.Eachissuecontainsa setof
fieldsandassociatedvalues.Thesefieldsarea supersetof thoseshownfor eachissueon theTDL.
Individual issuesmaybeviewedby selectingthemashyperlinksonaTDL. For example,Figure
2 showsanindividual issue(i.e., issuenumber2) from theTDL shownin Figure 1.WISE TDLs
andissueforms canbecustomizedfor specificorganizationalneeds.Forexample,a WISE appli-
cationca beconfiguredto maintaina list of tasks,anorder-entrydatabase,problemreports,or
phonecontactlists.Legal typesof fieldsin an issuecan include:free-formtext, finite selections
(singleandmultiple),hypertext(i.e.,arbitraryHTML2 ), numbers(integer,real),dates and times,
radio buttons and check boxes.

An issue appears on an individual's TDL based on their role(s) on projects. Roles are created

and configured by project administrators to control information access. A user may play more than

one role on a project, but the visibility of fields in an issue and the types of changes allowed on an

issue form are dependent on the user's role(s). Roles act as filters on all project issues. This

approach provides users with a unique view of their tasks on a project. Changes to an issue can be

submitted by a user directly through the WWW browser because issues are implemented using the

CGI Forms Interface. Once submitted, the issue changes are recorded in a log and the issue may

disappear from the user's TDL and appear on the TDLs of other users. The specific workflow

of issues within an organization is dependent on the customized definitions of issues, fields,

and roles on a project in the WISE site configuration file. WISE also provides for delivery and sub-

mission of forms via electronic mail to accommodate user's between Internet firewalls, but such

users must read the mail via an HTML capable browser. Thanks to the ubiquitousness of

WWW browsers, users can access WISE through the World-Wide-Web from a variety of hardware

platforms and operating systems. WISE also provides on-demand access to project metrics.

WISE keeps track of changes to issues and other project events. WISE collects metrics based

on these events and presents graphical views of the project statistics. In one project, for example,

issues can track problems discovered during development. Issues can cycle from an open status to

a solved or closed status. Issues marked as solved are those problems that have been diagnosed but

not fixed. Once a problem is fixed, the issue can be marked closed. Figure 3 depicts metrics for a

user's project plotted over time. It shows that the number of open issues initially exceeds the num-

ber of closed issues and that very few issues are recorded as "solved" before being closed. Fur-

thermore, this organization noted that the trend in open vs. closed issues helped to estimate the time

of their first software release as the projected time when the number of open issues fell below the



numberof closed issues WISE is non-intrusive because it provides a "to-do" list of each issues to

each developer in the team. Each issue in the "to-do" list can be acted upon by changes to the values

of fields in an issue. The types of changes allowed are dependent on a user's assigned role(s). The

composition of the forms and views defines the totality of the software process. Thus, the process

is not fixed or globally defined by the manager, but it is highly dynamic and may change based on

the different roles of development personnel throughout the lifecycle of a development effort.

1.3 Process Improvement

In order to achieve the goals of any software project, one must be able to assess the quality of a

development process itself. We must be able to improve the software process continually and deter-

mine if it is progressing at an acceptable rate. To produce quality products and improve the capa-

bility of the organization to produce better products, the software process must improve as well.

Software maturity frameworks are usually characterized by different levels in which an orga- niza-

tion can be categorized depending upon the results of the assessment of the organization's software

process [7 ]. Many case studies have been conducted and have shown that there is a need to turn

the comer from chaotic, unpredictable cost to a more manageable and controlled software process

whereby schedule slippage and cost overruns are avoided. Automated support of measurement

plays an important role in software process improvement. Project managers rely on a range of

methods for measurement including status reporting and change management. Handling change

requests, problem reports, activity log entries, and other issues in a software development effort

becomes quite complicated even in small groups. We believe that automation plays a key role in

increasing productivity, controlling quality, and introducing predictability into the software pro-

cess. But the effective use of software technology is limited by ill-defined processes and poor pro-

cess management. These problems must be addressed for us to be able to apply new tools and

technology. Much research in this area has shown that incremental automation in software man-

agement and measurement is necessary to achieve successful software process improvement. The

focus of more recent approaches to process improvement has been through analysis and synthesis

of organizational experience. Information collected about a workflow in a repository of such expe-

rience can be analyzed for specific organizations to help them improve weak areas and capitalize

on strengths. The Experience Factory mechanism [2 ] is an approach to improving software devel-

opment processes. The Experience Factory packages the experiences of an organization and mea-

sures various software process and products. WISE can be used to collect valuable information

related to issue resolution in a database implicitly. This information sheds light on the issue solving

capacity of a development group and its products. For example, modules with the most severe

issues and the average time for solving issues are two statistics that can be obtained by analyzing

software process change data.

1.3.1 Measurement

Software metrics can be defined as the continuous application of measurement-based tech-

niques to the software development process and its products. Metrics supply meaningful and

timely management information used to improve a process and its products [12 ]. Software metrics

are standardized ways of measuring the attribute of software processes, products and services. For

example, the Goals-Questions-Metrics (GQM) approach [1 ] has been widely used toselect

metrics based on their relation to overall organizational goals. Instead of collecting metrics at ran-

dom, measurement is based on the goals of a project. To determine if goals are being achieved, a

set of questions is constructed related to each goal. To answer each question, metrics are nee.Aed.

The metrics are organized into this hierarchy to provide continuous assessment of a project's status.

The technique is a powerful way to track progress towards project objectives. For over a decade,



theSoftwareEngineeringLaboratory(SEL)at NASA's GoddardSpaceFlight Centerhassignifi-
cantexperiencein measuringsoftwareprocessesfor overadecade.Their studieshavepresented
theresultof collectingvalid softwareengineeringdata[3 ]. Datacollectedat theSEL wasbased
on thechangesmadeto thesoftwareduringdevelopment.It waslaterfollowed byevaluatingsoft-
waredevelopmentprocessesthroughanalysisof changedata.Metricscanbeusedto understanda
softwareprocess,evaluateasoftwareproductandgoals,controlresourcesandproducts,andpredict
attributesof a softwareprocessin thefuture. To improve the softwareprocess,WISE collects
usefuldata in termsof changesandresponsesmadeto issuesgeneratedduringthenormalwork-
flow of a softwareproject. An issuecreatedin the workflow may be an idea, a question,an
error,or anyother identifiable "chunk" of communicationbetweenprojectparticipants.An issue
is encapsulatedin aform andstoredin a backenddatabase.Participantscanview issuesdynami-
cally andgeneratemetricsbasedon issueproperties.Databasequeriescanextractimportantinfor-
mationrelevantto projectmetrics.Somesoftwaremetricsrepresentmeasuresof thepropertiesof
a softwareprocess.UsingtheGQM approach,for instance,a metricsprogramcanaddressmany
corporateneedsincludingmeasurementof processmaturity,a tools-evaluationdatabase,andtrend
analysis[11 ].It is highly recommendedto embedmetrics tools in the existing development
environment.Developersshouldunderstandtheneedfor metrics,otherwisetheywill neitherpro-
vide accuratedataor usetheresultsof metricanalysis.Secondly,metricsshouldbekeptcloseto
thedevelopers.Thisway thedeveloperswouldbeableto accessmeasurements,evaluatethem,and
take action aspart of standardoperatingprocedureand without hinderingscheduleor budget.
WISEmetricsaregeneratedimplicitly andcanbeviewedat anystageof theprojectby all devel-
opers.A separatemetrics group is not presentthat collects metrics and analyzesthem. The
time devoted to metrics collection and analysis is minimized by WISE. The front end of
WISE is kept very simplesothatdevelopersneednot becomeexpertsin measurementtheory.
WISE generatesanalysisbasedon many aspectsof a workflow model that are relative to the
changesin issueforms.Thisavoidsburdeninguserswith thetaskof metriccollection.It is impor-
tantto rememberthatmetricscanonly showproblemsandgiveideasasto whatcanbedone. It is
theactionstakenasa resultof analyzingthedatathat yield improvementsto theprocess.This is
thereasonwhy it is critical for metricsusersto understandthatmeasurementis not thegoal. The
goal is improvement,throughmeasurement,analysis,andfeedback[6 ]. In [6 ], apracticalview
of softwaremeasurementthat formed the basisfor a company-widesoftwaremetrics initiative
within Motorolahasbeendescribed.Thesoftwareprocessprogrammustbedefinedin a precise
powerful andrigorousformalism.Suchanenvironmentbecomesavehiclefor theorganizationof
toolsfor facilitatingdevelopmentandmaintenanceof thespecifiedprocess[10 ].

WISEis programmableandcanbecustomizedto thespecificprocessof anorganization,
but suchprocessesarespecifiedin termsof behavioraldescriptionsof people,roles,and form-
basedinformation.Suchanapproachyieldsan incremental,bottom-updefinitionof anorganiza-
tion's processes. There are many advantagesto using behavioral descriptions to specify
softwareprocessmodels[ 13]. Thebehavioralapproachdescribessoftwaredevelopmentasacol-
lectionof activitiesor processeswhichmaytakeplaceconcurrently.Thisapproachleadsto better
automation,messagepassingfor communication,andprovidesgreatervisibility for softwarepro-
cesseswithin anorganization.Forinstance,oneshouldtry to describethesoftwareprocessin terms
of the events that occur during the development effort rather than changes to the product. Metrics

should be based on analysis of these events. WISE addresses this by logging events in order to

track issues throughout their lifecycle. Other software process tools, like Marvel [8 ], define pro-

cesses from the top-down: they help in defining the detailed software configuration process by



informing users which componentsare potentially affected before performing subsequent
editing,compiling, andothercodingactivities.ToolssuchasMarvel assistin developmentand
maintenanceeffortsthroughcontrolledautomation,butdonotaddressthesourceor motivationof
changesthroughoutthelifecycle. In our deploymentof WISE, we have beencareful to inte-
grate it carefully into existingprocessenvironments.Manysoftwaretoolsplayanimportantrole
in thesoftwaredevelopmentprocessbut useof atool within aprocesschangestheprocessitself.
Forexample,sometoolsareusedby userstakingonaspecificrole. Othertoolsareusedby users
in multipleroles,duringmanyactivitiesandfor processingdocumentsof multipleusers.Inserting
antool couldhaveasignificantimpacton thedevelopmentprocess.In orderto control theinser-
tionof thetoolamethodcalled"Tool InsertionMethod" [5 ] hasbeenproposed.Thekeyelements
of TIM aretrackingtheprogressof atoolusedtoimprovetheprocess.Indeed,wehaveusedWISE
in thedevelopmentof WISEitself to studytheeffectsof suchchanges.Theissue-basedapproach
usedin WISEisdominantnotonly in problemtracking,but iscritical in capturingdesignrationale,
informal information,requirements,andchangerequests.

Designdependenciescanberepresentedin a issue-basedstyle [9 ] andtrackedthroughout
the lifecycle of a project. In all cases,participantsin an issue-baseddiscussioncontributetheir
expertiseandviewpointsto discoverandresolveissues.Eachissueis followed by oneor more
positionsthatrespondto an issue.Theissue-basedmodelis now almost20 yearsold. Thereis a
clearneedfor automatedtoolsfor softwaremanagementandmeasurementcreatedby afocuson
understanding,managing,andimprovingthesoftwareprocess.

1.4Conclusions

WISE is anautomatedsystemthathelpsin softwareproject managementandmeasurement.We
havedescribedhow suchtools canhelp in improving softwaredevelopmentprocessesthrough
trackingandmeasurementof changeactivitiesonprojectissues.From ourpracticalexperi-ence
with WISE on severalprojects,webelievethatsuchautomatedtoolshold muchpromisefor pro-
viding realisticassessmentsof softwaredevelopmentprojectsparticularlyin large-scaleprojects
with verificationandvalidationcontracts.Whileouruseof WISEhasbeensuccessful,manyissues
remainproblematicincluding:

1.4.1Metric frameworks
More work is needed to construct metric hierarchies for organizationsbasedon specific
strengths,weaknesses,andcorporatepolicies.Forexample,theskill levelsof programmersin dif-
ferentgroupswithin the samecompanyvary widely.Suchdifferenceshavea profoundeffecton
theability of measurementtools topredictperformance.

1.4.2Securityand privacy
TheseareamajorconcerninWISE. Severalstudies[4 ] havefoundhighparticipationin automated
measurementprojectby userswho feel thattheycontrol accessto workflow information. Users
thatfeel theyarebeingwatchedandjudgedby managementwill not useor theywill circumvent
suchtools.Fromourexperience,wealsofeel thatmeasurementshouldfocuson theindividual user
andlet theusercontrolthepermissionsandvisibility of theirworkflow transactions.WISE allows
usersto definehistoryvisibility sothatevenmanagerscannotaccesschangedatawithoutexplicit
permissionfrom theuserwhoownsthedata.

1.4.3Processvalidation
The bottom-up approach toprocess definitionthrough form,,and rolessometlmes creatol"black

holes" inthe process where issuescan remain unresolved. We have considered the use of finite-



state machine model checking tools to find incomplete and inconsistent paths in the composite pro-

cess as a part of the WISE system.

Although the definition of an organizational process through roles and the workflow of elec-

tronic forms may be indirect and imprecise, WISE provides a flexible platform for accommodating

the processes changes. For instance, on several projects it is only after an initial prototype that we
discovered that new roles were needed, additional issue fields had to be added, and new field had

to be added to forms in a project. This incremental approach, however, is much more productive

that trying to define a complete and consistent process from the top-down. Indeed, such changes

reveal the progress (or lack of) in efforts to improve development processes. We continue to exam-

ine this "meta-view" of process improvement as well as collecting and analyzing results of current

projects using WISE.
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1. Task 2.2 -Collaborative Environment for IV & V

The efforts of this group focussed on the collaborative environment for IV & V (see [1]) and spe-

cialized tools and approaches for program development and IV & V.

I.I ISS

Any Collaborative Environment Software Package should be based on some underlying

database. It is not only because of the large amounts of data which need to be retrieved, but also

for managing this data. We also should take into consideration the heterogenous character of data-

bases involved in the work of some distinct teams --as in the case of IV&V. All those aspects

bring the necessity of some distributed database manager to support access to heterogenous data-
bases in a uniform manner. This service is provided by the Information Sharing System (ISS)

developed earlier at CERC.

ISS supports different database management systems such as Oracle, Versant, and FoxPro.

It runs on different platforms: SUN, DEC, SGIs. This is convenient from the user point of view,

because each member in the IV&V team can use their machine to browse through the software

product. Also, each team member can store their data (code files, test results, observations,

reports) in their database, and all the others team members can access the information in the same

way, as if their own. There are a few drawbacks of the ISS which are currently being addressed.

These fixes will be available in the future releases of the ISS. Some of the drawbacks are as fol-

lows:

- ISS does not provide a way to update information in the individual databases. This

means that the ISS is only a browser of the information, and the updates should be done off-line.

- ISS does not provide a dynamical model. That is, ISS has a statically defined model

which is loaded into the server. This can be a problem in an evolving IV & V scenario because the

ISS will be not be able to track the modifications to the model.

Using the ISS we have built a software product model (see Figure 1). The ISS can keep track of

all releases of the software product. The evolving product model is stored in the Project Coorina-

tion Board (PCB). This is different from the static model in the ISS. Currently, we are studying

the issue of compatbility between the two models. The ISS sees the model of the product as a

generic one, giving the possibility to browse through different versions of the code, retrieve files

and display them, the PCB needs a model to describe the functionality of a software product. That

is, in PCB we need to know what functions are implemented (and by whom), we need a way to

specify constraints on different parts of the code. The two approaches can be unified. In order to
achieve this we decided to use the model in the Teamwork CASE tool that we have and build a

gateway into Teamwork. The Teamwork tools provide a variety of structured and display oriented

(Postscript) information about the software being developed. Based on this information we can

build a bridge between the generic model of ISS and the specific one of the PCB.



Project _ ProjectRelease
- projectName - releaseName

Name

-- ConOps _ Contents

_C _ Name

Requirements_----- Contents

Desig_Docs

2 n iquo
ode z..__ Contents

Reports _ C=_nts

Figure 1" Software product model in the ISS.

Consider the software product model given in Figure 1. We kept this model very simple in order

to make it as general as it could be. Now, for PCB, we should take an instance from this model,

say one of the ProjectRelease instances, and extract the functional information from it. This can

be the model to feed into PCB. This information can be extracted from Teamwork using the

Teamwork Gateway.

1.2 New ISS

The ISS developed in the previous phases integrates heterogeneous and distributed databases.

However, the mechanisms used to exchange objects are adhoc and not based on a well-established

standard. In this phase, we are developing a New ISS based on the CORBA standard for the

exchange of objects. This effort is being developed jointly with funding from ARPA in the DICE

project as well. The following are the architectural modules of ISS

1.2.1 Interoperability and information sharing

The Information Sharing System (ISS) provides access to information in diverse format and sys-

tems. In order to effectively to deal with heterogenous legacy environments, there is critical need

to be able to interoperate. The specific requirement is to be able to communicate to these diverse

repositories in some standardized ways. In earlier version of this system, we adopted our own

implementations of a uniform way to interface to different servers running on different machines.

In this current version we have adopted the CORBA specification for server level interoperability.

We are also supporting the http-protocol as a mechanism to support client-level interoperability.

Architecture for information sharing

Figure2 highlights the various components associated with ISS. version 3.0. The various compo-

nents associated with this figure are explained below.

1.2.2 Interface Manager

This module is responsible for interfacing with the Mosaic-compliant client on one side and the

CORBA-compliant server on the other side. The following are the responsibilities of this module:
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Figure 2: Architecture of the New ISS

to handle logins
to translate Unified Resource Locator (URL) requests from Mosaic clients to document pages.

Logins are handled by this module by validating the user name and password using standard Unix

mechanisms.

The URL translation process are handled by a combination of state information sent with the URL

(i.e. session information), the type of document requested (i.e. flowsheet, popras form, referral

form), the layout page associated with the document type, and queries to information servers.

The Interface Manager is stateless and can handle multiple simultaneous queries from multiple

users. Sample layout page information shown below where the information in square parenthesis

are commands that are interpreted by this module as calls to the information servers.



<A NAME=top>
<PRE>

<H2>[SELECT firstname, middlename, lastname FROM demographics where personid

= % SSNumber % ] Chart</H2>

1.2.3 Session Manager

The Session Manager instantiates a new session for each user who logs into the system. This pro-

cess involves instantiating a specific set of gateways (such as Oracle gateway and file archiver),

setting up sessions to these as the user who has just logged in and instantiating models (see next

section) which interface to these gateways. The session manager is also responsible for closing

these connections at the time of logout or close these connections using a time-out mechanism.

1.2.4 Gateways

The gateways are Orbix servers that interface to information repositories. The gateways have

standardized interfaces but their implementations vary depending on the type of repository they

are connected to.

1.2.5 Models

There are a collection of user defined models that specify what types of information that needs to

be served by the system. These models could be specific,such as a flow sheet which is a type of

model that is needed in the ARTEMIS project, or they could be a little more generic (an example

here would be the gateways to Oracle and File Repositories). This version of ISS will have to pro-

vide an implementation of these models which function analogous to the mappings in the earlier

versions. Currently mappings are coded procedurally. Currently, we are working towards a declar-

ative specification of the mappings.

1.3 Web*

(pronounced "Web star") -- Web* is a technology developed at the Concurrent Engineering
Research Center (CERC) at West Virginia University with funding from the Advanced Research

Projects Agency (ARPA) to make information on the Web more easily accessible. The Web* soft-

ware allows the linking of any information source to a Web client such as Mosiac by allowing a

person to specify HyperText Markup Language (HTML) or other ASCII-based templates which

are dynamically filled in when requested by the user. The templates embed commands in the Tool

Command Language (TCL) and are interpreted and can be used to retrieve and dynamically fill

the templates with information. Web* comes with interfaces to call clients that comply with the

Common Object Request Broker Architecture (CORBA). The current implementation uses Orbix.

One of the key features of Web* is that it provides mechanisms to deal with the stateless nature of

the H'ITP protocol. Web* is intended to be used by a basic Web client that knows only "htmr'.

Thus, the Web server produces html for use by the client. The main programmability in Web*

comes from TCL. Currently Web* ties into ORACLE databases using TCL commands.

Web* is designed to help writing dynamic HTML pages. Web* is a CORBA compliant client that

uses Tk/Tcl and/or Scheme to make connections to different services offered by Orbix (TM). Orbix

is a comercially available implementation of CORBA standard. Since in our previous efforts we

developed a series of services for the ISS project, such as Oracle gateways and File Archiver gate-

ways. We now want to make them accessible through World Wide Web.

We extended Tk/Tcl and Scheme to support primitives that can dynamically access Orbix Ser-



vices•Thus,ourprojectmodelcanbeveryeasilybestoredin anydistributeddatabasesystemand
usersall overtheworld (if permissionsaregranted)canaccessand/orupdateinformationfor the
project.This approachenablesarealcooperativeenvironmentto bedevelopedandcustomized
(dueto its simplicity) by theusersthemselves.Almosteverybodycanwrite aHTML page•Web*
pagesarenotmuchmoredifficult to write andtheyprovidetheuserwith thepowerof writting
pagesthatcontainrealdynamicdata.

Our approach,from theIV&V perspective,is to createamodelfor aprojectlife cycleandstore
theinformationintoa varietyof databases(eachteaminvolvedin theIV&V processmayhave
their own DBMS), andprovideatemplateof Web*pagesthatallow auserto accesstheinforma-
tion in thedistributeddatabases.

This tool, togetherwith theothercooperativeenvironmenttools(suchasMonetandComix) pro-
vide ateamin theIV&V processwith full colaborationcapabilities,while theystill canusethe
othertoolsneeded(SoftwareAnalysispackages)transparently.

1.4 Information Sharing System Gateway to CADRE Teamwork

Consider the following scenario:

Some members of the IV & V team are working in a CADRE Teamwork environment and doing

requirement analysis, design and modeling. The information pertaining to requirements analysis,

design and modeling is stored in the Teamwork database on one host, and a team member work-

ing in some other area, (e.g. testing) needs to access this information.

Since the team member has access to the ISS, he/she can access the information if there is a gate-

way from the ISS to Teamwork• Obtaining results from the Teamwork gateway involves the fol-

lowing steps:

• Develop a model of the data in Teamwork

• Obtain user query through ISS

• Parse the query in ISS

• Translate the query method to a query method in Teamwork gateway

• Retrieve the information from Teamwork gateway

• Convert the results into the ISS format

Figure3 illustrates the architecture of the Teamwork gateway for ISS. We have developed all of

the above and illustrated the gateway using the Polygons scenario that we are working on. The

gateway can present results in Postscript, EPS, Interleaf, Framemaker or ASCII formats. Entities

such as Process Specifications, Module Specifications, Transition diagrams, Structure charts, and

Data flow diagrams can be retrieved. We use the Teamwork Toolkit to access the information
inside the Teamwork database. After the ISS query is parsed, we reconstruct the query in Team-

work Toolkit format and submit it to Teamwork. The result of the query is stored in a Virtual

Instance Collection object. This is the object representation in ISS. We browse it using the ISS

model browser•
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Figure 3: Teamwork Gateway for ISS

1.5 Collocation and Application Sharing in a Collaborative Environment -- NEW MONET

Team members in the IV & V project often need to consult with each other. For example, several

members of the IV & V team can get together to evaluate software from various perspectives and

write a joint report describing their findings. The ability to engage in desktop conferencing over a

computer network using audio, video and graphics is provided by the MONET system. MONET

also captures the minutes of the meeting for archival and subsequent use. The COMIX component

of MONET enables any X-windows applications to be shared by a group of people. Thus COMIX

enables a team of people to share a computer application or jointly author a document.

1.5.1 Problem Statement

While different versions of MONET has been successfully developed on various workstations

such as Digital, SUN and SGI machines, two crucial factors impede the ubiquitous use of

MONET and MONET-like systems (such as SHOWME from Sunsoft, Invision from Silicon

Graphics, Proshare from Intel and others). The first factor is the lack of interoperability between

these software modules running on different hardware and Operating system architectures (i.e., A

SHOWME version running on BSD UNIX will not work with a version running on SOLARIS

and there is no interoperability between different audio/video hardware). The second factor is the

non availabilty of sufficient bandwidth on most networks. We will make MONET functional on

networks with great promise such as ATMs. The focus of the new MONET implementation will



beto providesolutionsto alleviateboth thesetwo impediments.

1.5.2 Approach

We intend to address the interoperability issue by structuring the existing MONET system to sup-

port a Virtual Machine architecture which can be easily mapped to different hardware and operat-

ing system architectures. By seperating the architecture into device/operating system dependent

and device/OS independent parts in addition to embracing defacto standards such as mu-law for

audio, mpeg for video, and using an interoperable standard such as CORBA one can design an

interoperable desktop conferencing system.

To alleviate the bandwidth problem, we intend to use new technologies such as ATM over tele-

phone lines (available in Jan 1995, from First Virtual of Santa Clara) as one of the lowest sup-

ported physical infrastructures for the future versions of MONET.

1.5.3 Statement of Work

The MONET system has been redesigned to support the MONETVM architecture. Already a ver-
sion which works on different video/audio hardware (Parallax, Sunvideo etc.) is in the initial pro-

totype stage. This prototype will be thoroughly tested to ensure the stability of operation. We are

now implementing the MONETVM on PCs executing the Windows 95 Operating System and
native video hardware such as Intel's Smart Video Pro (based on Indeo technology). The video

software is Microsoft Video for Windows compatible and will work with any video board that is

Video for Windows compatible.

Subsequently we want to ensure the interoperability between Windows 95 based MONET and the

UNIX based MONET working with different audio and video components. We have already

achieved it for all components except video.

Finally we intend to develop IDL specifications for each of the Multimedia objects in IDL and

design the object lifecycles based on CORBA infrastructure.

Finally at the infrastructure level, we intend to experiment with infrastructures such as ATM over

telephone lines to ensure ubiquity of the system.

1.5.4 Progress

1.5.5 MONET Conference Manager

We redesigned and implemented an interoperable conference manager in C++ using NIH classes.

The conference manager uses an object oriented design and defines clean messaging interfaces

with the audio, video and application sharing servers.

The PC version uses ACE(Adaptive Communication Environment) for encapsulating network

related functions. Inter module messages are sent and received using the Windows 95 API.



A log of events regarding connections made, attempted and refused, along with other major
events is maintained.

1.5.6 Graphical User Interface on the PC

Currently, we are also developing user interfaces for the PC platform.

We used Microsoft Visual Basic 3.0 to build a prototype of MONET conference system on PC

running Windows 3.11. Our plan is to build the system on a PC running Windows 95, since the

operating system of Windows 95 supports multiple processes, multiple threads and 32 bit

addresses, and we believe it will be the new standard in the PC world. We are currently transition-

ing to Microsoft Visual C++ to write the graphical user interface which will then be linked to the

conference manager and the audio and video virtual devices.

We have built a prototype of the Windows 95 version of MONET using Microsoft Visual C++

2.0. The multi-threaded nature of the Windows 95 system allowed us to provide separate threads

for audio, video and whiteboard modules.The GUI resembles in spirit to most of Windows appli-

cations and has been desgined to facilitate smooth operation and control of the entire MONET.

The audio and video have been seamlessly integrated into the interface with options for configur-

ing parameters and monitoring network statistics.

1.5.7 Device Independent Audio and Video Managers

Now, device independent video an audio managers have been implemented and the video man-

ager currently works with Parallax and SunVideo boards on Sun SPARC platform and any Video

for Windows compatible video board on a PC runing Windows 95. A new graphical user interface

has also been implemented on Unix systems for MONET which supports intuitive actions.

The audio now supports full duplex functionality and also has the ability to play and record audio

files. It is also interoperable between the UNIX and PC platforms. The video is capable of using
the Connectix as well as the Sun cameras.

1.5.8 MONET Transcript

The idea of the transcript is to record a Monet conference so that users can have access to older

conferences whenever they want to refer to what happened in previous conferences. This is

especially useful in multi-user conferences where users can have access to the proceedings of the

conference on-line. The conferences will be archived and can be retrieved using any Web-
Browser available.

As Monet is a multimedia conferencing system, the transcript includes all forms of multimedia

documents such as text, images, audio and video. Each conference transcript resides with each

user and he can add anything he wants in his transcript. Each transcript is therefore a personal

document.

The text part of the transcript can be the text talk going on in the conference, an agenda file if



necessary and any text file the user wishes to include.

The image part of the transcript is the snapshot of any part of the screen she is using. A grid

appears on the screen which can be selected from any point on the screen and dragged to any

point and the resulting window is stored as an image in the X window dump format. The user can

use the X window undump format to see it again.

The audio part is recording the audio as a Sun .au file. This is handled by the nevot package which

is currently being used in Monet audio. We just have to send commands to the nevot server to

record audio and stop it given a filename. The nevot server records both incoming audio and the

local user audio coming from the microphone.

The video part is yet to be implemented. It involves storing a video clip as an MPEG file when the

user selects one of the incoming video streams from the network or her own camera.

The problems encountered are the huge sizes of the audio and video files. We are working on a
solution to limit the sizes so that the conference can go on smoothly without crashes.

The next part to be implemented is the f'fle archiving and retrieving part of the transcript. The files
are archived based on some events such as date of conference, time of conference, participants,

name of the conference, and some important keywords. The file retrieval involves searching the

file archiver when the user provides one or more of the above mentioned events and retrieving the

appropriate files associated with the search results. This is being done using the new yet-to-be-
released HOTJAVA browser since it can be programmed to include display interfaces and can be

accessed across the World Wide Web.

1.5.9 PCS Compliance

We are currently studying the Personal Conferencing Specification 1.0 in order to assess how to

make MONET compliant with this new and upcoming industry standard. This will impact the

design and implementation of MONET on the PC platform. We have also studied the ITU-T series

recommendations (T. 124,T. 125) for audiographic and audiovisual conferencing systems. This will

be required for interoperability between MONET and other teleconferencing systems.
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1.6 The Polygon Operations Scenario

The IV & V environment we are developing is being tested on a scenario. This scenario is based

on a program that performs boolean set operations on polygons. The polygons we consider can

contain inner loops or holes (as in swiss cheese) within them. The program we are using performs

regularized set operations union, intersection and difference on these polygons. The result of the

set operations is displayed on a color monitor using a graphics package called SRGP developed at

the Brown university. This program has several features that prompted us to use it as a first choice

for the IV & V scenario. The program is small enough to be manageable by our mock IV & V

team, but not so small as to be considered trivial. (It consists of over two thousand lines of C code

and over 125 functions). The program uses a graphics library for display that was developed else-

where. It runs on Unix platforms, but it should easily portable to PCs and Macintoshes. Some of

the other specifications of this program are:

1. Other than for display functions, the rest of the code must be readily portable.
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2. It must consider all possible orientations of the polygons, which usually result in a number of

special cases, and must also be numerically robust.

3. It must handle arbitrarily large polygons quite efficiently. Even though we have stated the

requirements rather loosely, one can see that this example poses a number of issues such as per-

formance, portability, functional correctness and numerical precision.

The model created for the polygons project includes various aspects such as requirements, design,

code, functional test results, performance test results, requirements analysis results, design analy-

sis results and reports summarizing the results of the IV & V team. For each of this, we have two

versions of the document. The model we have developed for IV & V based on this example is

shown in Figure 1.

We developed a more reliable version of the Polygons Scenario (the polygons scenario was devel-

oped in the initial phase of the project) by using the File Archiver developed within the ARTE-

MIS project. The new version of Polygons Scenario does not rely anymore on the pre-established

location of the files, but uses the File Archiver server in order to access all the required resources.

This scenario illustrates all the technologies outlined earlier: CORBA, Orbix, Tk/Tcl, WWW,

HTML, H'Iq'P, Web*, ORACLE gateway and the File Archiver.

1.7 The Flight Operations Scenario

We developed a new IV & V scenario based on the Earth Observation System Flight Operations

in collaboration with other members of the project. This scenario demonstrates the handling of

multi-layered projects based on their representation using diagrams. The names of the diagrams
are stored into a ORACLE database. Based on this information, we will be able to retrieve the

appropriate files using the File Archiver. As one can see, this demo uses the same technologies as

the Polygon Scenario Demo: CORBA, Orbix, Tk/Tcl, WWW, HTML, ITVFP, Web*, ORACLE

gateway and the File Archiver.
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